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58.579 65.115 184.255 1.00 24.90 

73.434 10.772 82.393 1.00 28.51 

66.633 144.366 128.769 1.00 35.27 

16.152 20.612 43,868 1.00 22.03 

25.768 171.872 180.513 1.00 60.21 

15.154 24.621 58.336 1.00 35.44 

68.325 33.008 79.117 1.00 28.49 
52.805 -5.347 12.590 1.00 53.96 
35.523 -8.824 54.309 1.00 51.49 
69.492 23.112 78.133 1.00 61.21 
66.927 102.599 194.055 1.00 31.17 
85.569 149.684 150.341 1.00 33.81 
67.503 118.229 120.179 1.00 34.96 
75.825 72.120 75.440 1.00 48.80 

63.326 61.246 75.210 1.00 30.79 
42.404 -0.422 18.719 1.00 48.47 
20.075 26.495 40.540 1.00 19.20 
82.082 105.390 208.969 1.00 22.26 

115.727 -32.451 75.891 1.00 68.05 

32.057 24.479 32.091 1.00 34.05 

112.443 134.327 149.836 1.00 32.13 

15.733 13.703 43.978 1.00 7.65 

116.468 -8.153 80.230 1.00 32.02 

68.997 -24.709 11.438 1.00 32.79 

80.994 -11.433 3.232 1.00 34.22 

56.830 36.336 8.822 1.00 18.55 

93.051 15.770 29.277 1.00 40.41 

89.363 -9.517 55.594 1.00 59.73 

49.237 155.128 122.028 1.00 28.18 

54.735 144.972 110.015 1.00 44.67 

113.145 -33.474 74.336 1.00 42.60 

121.204 11.316 97.845 1.00 51.13 

79.479 31.979 97.275 1.00 21.09 

129.446 146.036 126.813 1.00 62.25 

102.774 111.931 127.937 1.00 21.06 

20.101 137.201 191.772 1.00 26.37 

35.198 25.280 20.360 1.00 37.65 

85.869 115.440 202.589 1.00 10.08 

0.295 124.323 178.446 1.00 47.47 

98.213 -1.285 42.885 1.00 49.95 

103.139 38.866 85.162 1.00 46.93 

77.913 2.349 17.292 1.00 30.83 

86.822 96.978 195.359 1.00 45.89 

113.964 128.483 146.628 1.00 14.93 

78.115 34.964 107.501 1.00 57.98 

42.216 -1.827 29.680 1.00 21.18 

66.264 54.197 154.030 1.00 24.60 

54.104 5.989 25.477 1.00 55.11 

37.035 26.402 91.202 1.00 21.75 

83.109 0.243 18.607 1.00 28.36 

71.987 -8.718 0.184 1.00 31.74 

77.413 -18.479 9.224 1.00 44.50 

59.369 104.666 187.601 1.00 50.61 

0.374 113.793 184.747 1.00 37.28 

86.076 78.810 52.228 1.00 29.65 

120.673 131.890 143.025 1.00 25.82 

67.456 140.953 128.774 1.00 28.22 

61.924 74.635 162.243 1.00 22.23 

92.878 114.499 129.052 1-00 68.97 

61.012 6.439 21,468 1.00 40.94 

60.618 22.075 84.517 1.00 35.70 

117.525 43.256 77.928 1.00 39.22 
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WE CLAIM: 

1 . A method of preventing a urinary tract infection caused by K coli infection 
in a human subject, said method comprising administering to said human subject a dose of a 

^ prophylactically effective amount of one or more antibodies or fragments thereof that 

immunospecifically bind to one or more antigens of a mutant FimH protein having one or 
more amino acid mutations. 

2. A method of treating or ameliorating one or more symptoms associated with 
^ a urinary tract infection in a human subject infected with E. coli, said method comprising 

administering to said human subject a dose of a therapeutically effective amount of one or 
more antibodies or fragments thereof that immunospecifically bind to one or more antigens 
of a mutant FimH protein having one or more amino acid mutations. 

15 3, The method of claim 1 or 2, wherein one or more of said amino acid 

mutations occur in a residue corresponding to a residue of wild type FimH that directly 
contacts a mannose moiety when the wild type FimH binds mannose. 

4. The method of claim 3, wherein said one or more amino acid mutations 
20 occur at one or more of residues 1, 46, 47, 54, 133, 135, 140, or 142 of FimH. 

5. The method of claim 1 or 2, wherein one or more of said amino acid 
mutations occur within the hydrophobic ring around the mannose binding pocket of FimH. 

2^ 6. The method of claim 5, wherein one or more of said amino acid mutations 

occur at one or more of residues 13, 18, 52, or 142 of FimH. 



30 



7. The method of claim 1 or 2, wherein one or more of said FimH mutations 
decrease the ability of FimH to bind mannose. 

8. The method of claim 7, wherein one or more of said amino acid mutations 
occur at one or more of residues 1, 13, 46, 48, 52, 54, 62, 135, 137, 140, or 142 of FimH. 



9. The method of claim 1 or 2, wherein said mutant FimH protein is FimH 
35 D54N, FimH Q133K, FimH Q133N, FimH Q133H, FimH Q133R, or FimHN135D. 
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10. The method of claim 1 or 2, wherein said antibody is a monoclonal antibody. 

11. The method of claim 10, wherein said monoclonal antibody is 1C10, 1A7, or 



12. An isolated nucleic acid comprising a nucleotide sequence encoding a heavy 
or light chain variable domain of the antibody of claim 1 , 2, or 1 1 . 

13. A vector comprising the nucleotide sequence of claim 12. 

14. A host cell comprising the nucleotide sequence of claim 12 operably linked 
to a heterologous promoter. 

15. A method for altering the antigenic properties of an adhesin protein or 
adhesin protein complex that binds an associated ligand, wherein said method comprises 
introducing one or more amino acid mutations into a starting adhesin protein or adhesin 
protein complex to yield a mutant adhesin protein or adhesin protein complex that elicits 
production of an antibody having increased functional inhibitory activity compared to an 
antibody elicited by said starting adhesin protein or adhesin protein complex. 

16. The method of claim 15, wherein said starting adhesin protein or adhesin 
protein complex comprises a PapG protein. 

1 7. The method of claiml 5, wherein said starting adhesin protein or adhesin 

protein complex comprises a FimH protein. 

> 

18. The method of claim 1 7, wherein the associated ligand is a mannose moiety. 

19. The method of claim 1 5, wherein said resulting mutant adhesin protein or 
adhesin protein complex binds said associated ligand with decreased affinity than does said 
starting adhesin protein or adhesin protein complex. 

20. The method of claim 17, wherein one or more of said amino acid mutations 
are introduced in a residue in said starting adhesin protein or adhesin protein complex that 
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directly contacts a mannose moiety when said starting adhesin protein or adhesin protein 
complex binds mannose. 

21 . The method of claim 20, wherein one or more of said amino acid mutations 
are introduced at one or more of residues 1, 46, 47, 54, 133, 135, 140, or 142 of FimH. 

22. The method of claim 17, wherein one or more of said amino acid mutations 
are introduced within the hydrophobic ring around the mannose binding pocket of FimH. 

23. The method of claim 22, wherein one or more of said amino acid mutations 
are introduced at one or more of residues 13, 18, 52, or 142 of FimH. 

24. The method of claim 1 7, wherein said mutant adhesin protein or adhesin 
protein complex exhibits decreased binding to mannose compared to the binding of said 
starting adhesin or adhesin protein complex to mannose. 

25. The method of claim 24, wherein one or more of said amino acid mutations 
are introduced at one or more of residues 1, 13, 46, 48, 52, 54, 62, 135, 137, 140, or 142 of 
FimH. 

26. The method of claim 1 7, wherein one or more of said amino acid mutations 
are introduced in the canyon region of FimH. 

27. The method of claim 26, wherein one or more of said amino acid mutations 
are introduced at one or more of residues 1, 13, 46, 47, 48, 52, 54, 133, 135, 137, 138, 140 
or 142 of FimH. 

28. The method of claim 15, wherein said one or more amino acid mutations 
facilitate a more open protein conformation compared to that of said starting protein or 
protein complex. 

29. The method of claim 17, wherein said mutant adhesin or adhesin protein 
complex comprises FimH D54N, FimH Q133K, FimH Q133N, FimH Q133H, FimH 
Q133R, or FimHN135D. 
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30. A mutant FimH protein or FimH protein complex that binds an associated 
ligand, wherein said mutant FimH protein or FimH protein complex has one or more amino 
acid mutations relative to a starting FimH protein or FimH protein complex, and wherein 
said mutant FimH protein or FimH protein complex elicits production of an antibody having 
increased functional inhibitory activity compared to an antibody elicited by the starting 
FimH protein or FimH protein complex. 

3 1 . The mutant FimH protein or FimH protein complex of claim 30, wherein the 
associated ligand is a mannose moiety. 

32. The mutant FimH protein or FimH protein complex of claim 30, wherein 
said mutant FimH protein or FimH protein complex binds said associated ligand with 
decreased affinity relative to said starting FimH protein or adhesin protein complex. 

33. The mutant FimH protein or FimH protein complex of claim 30, wherein one 
or more of said amino acid mutations are introduced in a residue that directly contacts a 
mannose moiety when said starting FimH protein or FimH protein complex binds mannose. 

34. The mutant FimH protein or FimH protein complex of claim 30, wherein one 
or more of said amino acid mutations are introduced at one or more of residues 1, 46, 47, 
54, 133, 135, 140, or 142 of FimH. 

35. The mutant FimH protein or FimH protein complex of claim 30, wherein one 
or more of said amino acid mutations are introduced within the hydrophobic ring around the 
mannose binding pocket of FimH. 

36. The mutant FimH protein or FimH protein complex of claim 35, wherein one 
or more of said amino acid mutations are introduced at one or more of residues 13, 18, 52, 
or 142 of FimH. 

37. The mutant FimH protein or FimH protein complex of claim 30, wherein 
said mutant FimH protein or adhesin protein complex exhibits decreased binding to 
mannose compared to said starting FimH protein or FimH protein complex. 

38. The mutant FimH protein or FimH protein complex of claim 37, wherein one 
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or more of said amino acid mutations are introduced at one or more of residues 1, 13, 46, 
48 3 52, 54, 62, 135, 137, 140, or 142 of FimH. 

39. The mutant FimH protein or FimH protein complex of claim 30, wherein one 
^ or more of said amino acid mutations are introduced in the canyon region of FimH. 

40. The mutant FimH protein or FimH protein complex of claim 39, wherein one 
or more of said amino acid mutations are introduced at one or more of residues 1, 13, 46, 
47, 48, 52, 54, 133, 135, 137, 138, 140 or 142 of FimH. 

10 

41 . The mutant FimH protein or FimH protein complex of claim 30, wherein 
said one or more amino acid mutations facilitate a more open protein conformation 
compared to that of said starting protein or protein complex. 

^ 42. The mutant FimH protein or FimH protein complex of claim 30, wherein 

said mutant FimH protein or FimH protein complex comprises FimH D54N, FimH Q133K, 
FimH Q133N, FimH Q133H, FimH Q133R, or FimHN135D. 

43. A vaccine composition comprising the mutant protein of claim 30; and a 
20 pharmaceutical^ acceptable carrier. 

44. A method of vaccinating a subject comprising administering a 
prophylactically effective amount of the vaccine composition of claim 43. 

25 45. An isolated nucleic acid comprising a nucleotide sequence encoding the 

protein of claim 30. 

46. A vector comprising the nucleotide sequence of claim 45. 

^® 47. A host cell comprising the nucleotide sequence of claim 45. 

48. A mutant protein or protein complex comprising a FimH protein that 
comprises a mutation selected from the group consisting of D54A, D54N, Q133K, Q133N, 
Q133H,Q133R,andN135D. 

35 
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49. A co-crystal comprising FimC, FimH and mannopyranoside in crystalline 

form. 

50. The co-crystal of Claim 49 in which the FimC or FimH is a mutant. 



5 1 . The co-crystal of Claim 50 in which the mutant is a conservative mutant 



52. The co-crystal of Claim 50 in which the FimH is FimH Q133N 

53. The co-crystal of Claim 50 in which the FimH comprises amino acids 1 to 
158 ofSEQIDNO:4. 

54. The co-crystal of Claim 49, which is diffraction quality. 



55. The co-crystal of Claim 49, which is a native crystal. 

56. The co-crystal of Claim 49, which is a heavy-atom derivative crystal. 

57. The co-crystal of Claim 49, which is characterized by a unit cell of 
a=138.077 ±0.2A, b=138.130 ± 0.2A, c= 215.352 ± 0.2A, a=90, p=90.005, and y=90. 

58. The co-crystal of Claim 49, which is produced by a method comprising the 



(a) b mixing a volume of a solution comprising FimC, FimH and 

mannopyranoside with a volume of a reservoir solution comprising a 
precipitant; and 

(b) incubating the mixture obtained in step (a) over the reservoir solution in a 
closed container, under conditions suitable for crystallization until the crystal 
forms. 

59. The co-crystal of Claim 58, wherein the precipitant is present in a 
concentration between 0.6 M and 1 .2 M. 

60. The co-crystal of Claim 58 wherein the precipitant is ammonium sulfate. 



5 



15 



steps of: 
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61. The co-crystal of Claim 58, wherein the solution further comprises between 
50 mM and 100 mM Tris HC1. 

62. The co-crystal of Claim 58, wherein the solution comprises between 0.5 mM 
and 30 mM mannopyranoside. 

The co-crystal of Claim 58, wherein the solution has a pH of between 7.8 and 

A method of making the crystal of Claim 49, comprising: 

(a) mixing a volume of a solution comprising the FimC, FimH and 
mannopyranoside with a volume of a reservoir solution comprising a 
precipitant; and 

(b) incubating the mixture obtained in step (a) over the reservoir solution 
in a closed container, under conditions suitable for crystallization 
until the crystal forms. 

65. The method of Claim 64, wherein the precipitant is present in a concentration 
20 between 0.6 M and 1 .2 M. 

66. The method of Claim 64, wherein the precipitant is ammonium sulfate. 

67. The method of Claim 64, wherein the solution further comprises between 50 
25 mM and 1 00 mM Tris'HCl. 

68. The method of Claim 64, wherein the solution comprises between 0.5 mM 
and 30 mM mannopyranoside. 

30 69. The method of Claim 64, wherein the solution has a pH of between 7.8 and 

8.6. 

70. A machine-readable medium embedded with information that corresponds to 
a three-dimensional structural representation of a co-crystal comprising FimC, FimH, or a 
35 fragment or portion thereof, and a mannose sugar in crystalline form. 



8.6. 
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71 . The machine readable medium of Claim 70, in which the crystal is 
diffraction quality. 

5 72. The machine readable medium of Claim 70, in which the crystal is a native 

crystal. 

73. The machine readable medium of Claim 70, in which the crystal is a heavy- 
atom derivative crystal. 

10 

74. The machine readable medium of Claim 70, in which the FimC or FimH is a 

mutant. 

75. The machine readable medium of Claim 74, in which the mutant is a 
* 5 selenomethionine or selenocysteine mutant. 

76. The machine readable medium of Claim 75, in which the mutant is a 
conservative mutant. 

2® 77. A machine-readable medium embedded with the atomic structure 

coordinates of Figure 2, or a subset thereof. 

78. A method of identifying a FimC or FimH binding compound, comprising the 
step of using a three-dimensional structural representation of complex comprising FimC, 

25 FimH and mannopyranoside, or a fragment thereof, to computationally screen a candidate 
compound for an ability to bind FimC or FimH. 

79. A method of identifying a FimC or FimH binding compound, comprising the 
step of using a three-dimensional structural representation of complex comprising FimC, 

30 FimH and mannopyranoside, or a fragment thereof, to computationally design a 
synthesizable candidate compound that binds FimC or FimH. 

80. A machine-readable medium embedded with the atomic structure of Table 
14 or Table 16, or a subset thereof. 

35 
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81. A co-crystal comprising FimC, FimH ,and a saccharide. 
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atg agt aat aaa aac gtc aat gta agg aaa teg cag gaa ata aca ttc 48 
Met Ser Asn Lys Asn Val Asn Val Arg Lys Ser Gin Glu lie Thr Phe 
1 "5 10 15 

tgc ttg ctg gca ggt ate ctg atg ttc atg gca atg atg gtt gec gga 96 
Cys Leu Leu Ala Gly He Leu Met Phe Met Ala Met Met Val Ala Gly 
20 25 30 

cgc get gaa gcg gga gtg gec tta ggt gcg'act cgc gta att tat ccg 144 
Arg Ala Glu Ala Gly Val Ala Leu Gly Ala Thr Arg Val He Tyr Pro 
35 40 45 

gca ggg caa aaa caa gtg caa ctt gec gtg aca aat aat gat gaa aat 192 
Ala Gly Gin Lys Gin Val Gin Leu Ala Val Thr Asn Asn Asp Glu Asn 
50 55 60 

agt acc tat tta att caa tea tgg gtg gaa aat gec gat ggt gta aag 240 
Ser Thr Tyr Leu He Gin Ser Trp Val Glu Asn Ala Asp Gly Val Lys 
65 70 75 • 80 

gat ggt cgt ttt ate gtg acg cct cct ctg ttt gcg atg aag gga aaa 288 
Asp Gly Arg Phe lie Val Thr Pro Pro Leu Phe Ala Met Lys Gly Lys 
85 90 95 

aaa gag aat acc tta cgt att ctt gat gca aca aat aac caa ttg cca 336 
Lys Glu Asn Thr Leu Arg He Leu Asp Ala Thr Asn Asn Gin Leu Pro 
100 105 110 

cag gac egg gaa agt tta ttc tgg atg aac gtt aaa gcg att ccg tea 384 
Gin Asp Arg Glu Ser Leu Phe Trp Met Asn Val Lys Ala He Pro Ser 
115 120 125 

atg gat aaa tea aaa ttg act gag aat acg eta cag etc gca att ate 432 
Met Asp Lys Ser Lys Leu Thr Glu Asn Thr Leu Gin Leu Ala He He 
130 135 140 

age cgc att aaa ctg tac tat cgc ccg get aaa tta gcg ttg cca ccc 480 
Ser Arg He Lys Leu Tyr Tyr Arg Pro Ala Lys Leu Ala Leu Pro Pro 
145 " 150 155 160 / 

gat cag gec gca gaa aaa tta aga ttt cgt cgt age gcg aat tct ctg 528 
Asp Gin Ala Ala Glu Lys Leu Arg Phe Arg Arg Ser Ala Asn Ser Leu 
165 170 175 

acg ctg att aac ccg aca ccc tat tac ctg acg gta aca gag ttg aat 576 
Thr Leu He Asn Pro Thr Pro Tyr Tyr Leu Thr Val Thr Glu Leu Asn 
180 185 190 

gee gga acc egg gtt ctt gaa aat gca ttg gtg cct cca atg ggc gaa 624 
Ala Gly Thr Arg Val Leu Glu Asn Ala Leu Val Pro Pro Met Gly Glu 
195 200 205 

age acg gtt aaa ttg cct tct gat gca gga age aat att act tac cga 672 
Ser Thr Val Lys Leu Pro Ser Asp Ala Gly Ser Asn He Thr Tyr Arg 
210 215 220 

aca ata aat gat tat ggc gca ctt acc ccc aaa atg acg ggc gta atg 720 
Thr He Asn Asp Tyr Gly Ala Leu Thr Pro Lys Met Thr Gly Val Met 
225 230 235 240 

gaa taa 726 
Glu 
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Met Ser Asn Lys Asn Val Asn Val Arg Lys Ser Gin Glu lie Thr Phe 

1 * 5 10 15 

Cys Leu Leu Ala Gly He Leu Met Phe Met Ala Met Met Val Ala Gly 

20 25 30 

Arg Ala Glu Ala Gly Val Ala Leu Gly Ala Thr Arg Val He Tyr Pro 

35 " ■■ 40 45 

Ala Gly Gin Lys Gin Val Gin Leu Ala Val Thr Asn Asn Asp Glu Asn 

50 55 60 

Ser Thr Tyr Leu He Gin Ser Trp Val Glu Asn Ala Asp Gly Val Lys 
65 70 75 80 

Asp* Gly Arg Phe He Val Thr Pro Pro Leu Phe Ala Met Lys Gly Lys 

85 90 95 

Lys Glu Asn Thr Leu Arg He Leu Asp Ala Thr Asn Asn Gin Leu Pro 

100 105 110 

Gin Asp Arg Glu Ser Leu Phe Trp Met Asn Val Lys Ala He Pro Ser 

115 120 125 

Met Asp Lys Ser Lys Leu Thr Glu Asn Thr Leu Gin Leu Ala He He 

130 - 135 140 

Ser Arg He Lys Leu Tyr Tyr Arg Pro Ala Lys Leu Ala Leu Pro Pro 
145 ~ 150 " 155 160 

Asp Gin Ala Ala Glu Lys Leu Arg Phe Arg Arg Ser Ala Asn Ser Leu 

165 170 175 

Thr Leu He Asn Pro Thr Pro Tyr Tyr Leu Thr Val Thr Glu Leu Asn 

180 185 190 

Ala Gly Thr Arg Val Leu Glu Asn Ala Leu Val Pro Pro Met Gly Glu 

195 200 205 

Ser Thr Val Lys Leu Pro Ser Asp Ala Gly Ser Asn lie Thr Tyr Arg 

210 215 220 

Thr He Asn Asp Tyr Gly Ala Leu Thr Pro Lys Met Thr Gly Val Met 
225 ~ 230 235 240 

Glu 
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atg aaa cga gtt att acc ctg ttt get gta ctg ctg atg ggc tgg teg 48 
Met Lys Arg Val He Thr Leu Phe Ala Val Leu Leu Met Gly Trp Ser 
-20 -15 -10 

gta aat gec tgg tea ttc gec tgt aaa acc gee aat ggt acc get ate 96 
Val Asn Ala Trp Ser Phe Ala Cys Lys Thr Ala Asn Gly Thr Ala He 
-5 -11 5 10 

cct att ggc ggt ggc age gec aat gtt tat gta aac ctt gcg ccc gtc 144 
Pro He Gly Gly Gly Ser Ala Asn Val Tyr Val Asn Leu Ala Pro Val 
15 20 25 

gtg aat gtg ggg caa aac ctg gtc gtg gat ctt teg acg caa ate ttt 192 
Val Asn Val Gly Gin Asn Leu Val Val Asp Leu Ser Thr Gin He Phe 
30 35 40 

tgc cat aac gat tat ccg gaa acc att aca gae tat gtc aca ctg caa 240 
Cys His Asn Asp Tyr Pro Glu Thr He Thr Asp Tyr Val Thr Leu Gin 
45 50 55 

cga ggc teg get tat ggc ggc gtg tta tct aat ttt tec ggg acc gta 288 
Arg Gly Ser Ala Tyr Gly Gly Val Leu Ser Asn Phe Ser Gly Thr Val 
60 65 70 75 

aaa tat agt ggc agt age tat cca ttt cct acc acc age gaa acg ccg 336 
Lys Tyr Ser Gly Ser Ser Tyr Pro Phe Pro Thr Thr Ser Glu Thr Pro 
80 85 90 

cgc gtt gtt tat aat teg aga acg gat aag ccg tgg ccg gtg gcg ctt 384 
Arg Val Val Tyr Asn Ser Arg Thr Asp Lys Pro Trp Pro Val Ala Leu 
95 100 105 

tat ttg acg cct gtg age agt gcg ggc ggg gtg gcg att aaa get ggc 432 
Tyr Leu Thr Pro Val Ser Ser Ala Gly Gly Val Ala He Lys Ala Gly 
110 115 120 

tea tta att gec gtg ctt att ttg cga cag acc aac aac tat aac age 480 
Ser Leu He Ala Val Leu lie Leu Arg Gin Thr Asn Asn Tyr Asn Ser 

125 130 135 / 

gat gat ttc cag ttt gtg tgg aat att tac gee aat aat gat gtg gtg 528 
Asp Asp Phe Gin Phe Val Trp Asn He Tyr Ala Asn Asn Asp Val Val 
140 145- 150 155 

gtg cct act ggc ggc tgc gat gtt tct get cgt gat gtc acc gtt act 576 
Val Pro Thr Gly Gly Cys Asp Val Ser Ala Arg Asp Val Thr Val Thr 
160 165. 170 

ctg ccg gac tac cct ggt tea gtg cca att cct ctt acc gtt tat tgt 624 
Leu Pro Asp Tyr Pro Gly Ser Val Pro He Pro Leu Thr Val Tyr Cys 
175 " 180 185 
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gcg aaa age caa aac ctg ggg tat tac etc tec ggc aca acc gca gat 
Ala Lys Ser Gin Asn Leu Gly Tyr Tyr Leu Ser Gly Thr Thr Ala Asp 
190 195 200 

gcg ggc aac teg att ttc acc aat acc gcg teg ttt tea cct gca cag 
Ala Gly Asn Ser lie Phe Thr Asn Thr Ala Ser Phe Ser Pro Ala Gin 
205 210 , 215 

ggc gtc ggc gta cag ttg acg cgc aac ggt acg att att cca gcg aat 
Gly Val Gly Val Gin Leu Thr Arg Asn Gly Thr lie lie Pro Ala Asn 
220 " 225 230 235 

aac acg gta teg tta gga gca gta ggg act teg gcg gtg agt ctg gga 
Asn Thr Val Ser Leu Gly Ala Val Gly Thr Ser Ala Val Ser Leu Gly 



tta acg gca aat tat gca cgt acc gga ggg cag gtg act gca ggg aat 
Leu Thr Ala Asn Tyr Ala Arg Thr Gly Gly Gin Val Thr Ala Gly Asn 
255 260 265 

gtg caa teg att att ggc gtg act ttt gtt tat caa taa 
Val Gin Ser lie He Gly Val Thr Phe Val Tyr Gin 
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SEQUENCE LISTING 



<110> 
<120> 



Medimmune, Inc. 



MUTANT PROTEINS, HIGH POTENCY INHIBITORY ANTIBODIES, AND FIMCH 
CRYSTAL STRUCTURE 



<130> 10271-050-228 

<140> 
<141> 

<160> 50 

<170> Patentln version 3.0 

<210> 1 

<211> 726 

<212> DNA 

<213> E. coli 



<220> 

<221> CDS 
<222> (1). 



(723) 



<400> 1 

atg agt aat aaa aac gtc aat gta agg aaa teg cag gaa ata aca ttc 48 

Met Ser Asn Lys Asn Val Asn Val Arg Lys Ser Gin Glu He Thr Phe 
1 5 10 15 

tgc ttg ctg gca ggt ate ctg atg ttc atg gca atg atg gtt gcc. gga 96 
Cys Leu Leu Ala Gly He Leu Met Phe Met Ala Met Met Val Ala Gly 
20 25 30 

cgc get gaa gcg gga gtg gcc tta ggt gcg act cgc gta att tat ccg 144 
Arg Ma Glu Ala Gly Val Ala Leu Gly Ala Thr Arg Val He Tyr Pro 
35 40 45 

gca ggg caa aaa caa gtg caa ctt gcc gtg aca aat aat gat gaa aat 192 
Ala Gly Gin Lys Gin Val Gin Leu Ala Val Thr Asn Asn Asp Glu Asn 
50 55 60 

agt acc tat tta att caa tea tgg gtg gaa aat gcc gat ggt gta aag 240 
Ser Thr Tyr Leu He Gin Ser Trp Val Glu Asn Ala Asp Gly Val Lys 
65 70 75 80 

gat ggt cgt ttt ate gtg acg cct cct ctg ttt gcg atg aag gga aaa 288 
Asp Gly Arg Phe He Val Thr Pro Pro Leu Phe Ala Met Lys Gly Lys 
85 90 95 

aaa gag aat acc tta cgt att ctt gat gca aca aat aac caa ttg cca 336 
Lys Glu Asn Thr Leu Arg He Leu Asp Ala Thr Asn Asn Gin Leu Pro 
100 105 HO 

cag gac egg gaa agt tta ttc tgg atg aac gtt aaa gcg att ccg tea 384 
Gin Asp Arg Glu Ser Leu Phe Trp Met Asn Val Lys Ala He Pro Ser 
115 120 125 

atg gat aaa tea aaa ttg act gag aat acg eta cag etc gca att ate 432 
Met Asp Lys Ser Lys Leu Thr Glu Asn Thr Leu Gin Leu Ala He He 
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130 135 140 

age cgc att aaa ctg tac tat cgc ccg get aaa tta gcg ttg cca ccc 480 

Ser Arg lie Lys Leu Tyr Tyr Arg Pro Ala Lys Leu Ala Leu Pro Pro 
145 • 150 " 155 160 

gat cag gec gca gaa aaa tta aga ttt cgt cgt age gcg aat tct ctg 528 

Asp Gin Ala Ala Glu Lys Leu Arg Phe Arg Arg Ser Ala Asn Ser Leu 
165 170 175 

acg ctg att aac ccg aca ccc tat tac ctg acg gta aca gag ttg aat 576 

Thr Leu lie Asn Pro Thr Pro Tyr Tyr Leu Thr Val Thr Glu Leu Asn 

180 185 190 

gec gga acc egg gtt ctt gaa aat gca ttg gtg cct cca atg ggc gaa 624 

Ala Gly Thr Arg Val Leu Glu Asn Ala Leu Val Pro Pro Met Gly Glu 
195 200 205 

age acg gtt aaa ttg cct tct gat gca gga age aat att act tac cga 672 

Ser Thr Val Lys Leu Pro Ser Asp Ala Gly Ser Asn lie Thr Tyr Arg 
210 215 220 

aca ata aat gat tat ggc gca ctt acc ccc aaa atg acg ggc gta atg 720 

Thr lie Asn Asp Tyr Gly Ala Leu Thr Pro Lys Met Thr Gly Val Met 
225 230 235 240 

gaa taa 726 
Glu 



<210> 2 

<211> 241 

<212> PRT 
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Ser 
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145 
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160 


Asp 


Gin 


Ala 


Ala 


Glu Lys 


Leu Arg Phe Arg Arg 


Ser Ala Asn 


Ser 
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165 
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Thr 
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Pro Tyr Tyr Leu Thr 


Val Thr Glu 


Leu 
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Glu 



<210> 3 

<211> 903 

<212> DNA 

<213> E . coli 

<220> 

<221> CDS 

<222> (1)...(900) 

<400> 3 

atg aaa cga gtt att acc ctg ttt get gta ctg ctg atg ggc tgg teg 48 

Met Lys Arg Val He Thr Leu Phe Ala Val Leu Leu Met Gly Trp Ser 

-20 " -15 -10 

gta aat gec tgg tea ttc gec tgt aaa acc gee aat ggt acc get ate 96 
Val Asn Ala Trp Ser Phe Ala Cys Lys Thr Ala Asn Gly Thr Ala He 
-5 -11. 5 10 

cct att ggc ggt ggc age gec aat gtt tat gta aac ctt gcg ccc gtc 144 
Pro He Gly Gly Gly Ser Ala Asn Val Tyr Val Asn Leu Ala Pro Val 
15 20 25 

gtg aat gtg ggg caa aac ctg gtc gtg gat ctt teg acg caa ate ttt 192 
Val Asn Val Gly Gin Asn Leu Val Val Asp Leu Ser Thr Gin He Phe 
30 35 40 

tgc cat aac gat tat ccg gaa acc att aca gac tat gtc aca ctg caa 240 
Cys His Asn Asp Tyr Pro Glu Thr He Thr Asp Tyr Val Thr Leu Gin 
45 " 50 55 

cga ggc teg get tat ggc ggc gtg tta tct aat ttt tec ggg acc gta 288 
Arg Gly Ser Ala Tyr Gly Gly Val Leu Ser Asn Phe Ser Gly Thr Val 
60 65 70 75 

aaa tat agt ggc agt age tat cca ttt cct acc acc age gaa acg ccg 336 
Lys Tyr Ser Gly Ser Ser Tyr Pro Phe Pro Thr Thr Ser Glu Thr Pro 
80 85 90 

cgc gtt gtt tat aat teg aga acg gat aag ccg tgg ccg gtg gcg ctt 384 
Arg Val Val Tyr Asn Ser Arg Thr Asp Lys Pro Trp Pro Val Ala Leu 
95 " 100 105 

tat ttg acg cct gtg age agt gcg ggc ggg gtg gcg att aaa get ggc 432 
Tyr Leu Thr Pro Val Ser Ser Ala Gly Gly Val Ala He Lys Ala Gly 
110 115 120 

tea tta att gec gtg ctt att ttg cga cag acc aac aac tat aac age 480 
Ser Leu He Ala Val Leu He Leu Arg Gin Thr Asn Asn Tyr Asn Ser 
125 130 135 



gat gat ttc cag ttt gtg tgg aat att tac gec aat aat gat gtg gtg 528 
Asp Asp Phe Gin Phe Val Trp Asn He Tyr Ala Asn Asn Asp Val Val 
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<210> 5 
<211> 30 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 
<400> 5 

ggggggaatt cacccggagg gatgattgta 30 

<210> 6 
<211> 28 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 
<400> 6 

ccagtaggca ccaccacatc attattgg 28 

<210> 7 
<211> 48 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 
<400> 7 

ctggtcggta aatgcctggt cagcggcctg taaaaccgcc aatggtac 48 

<210> 8 
<211> 48 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 
<400> 8 

gtaccattgg cggttttaca ggccgctgac caggcattta ccgaccag 48 
<210> 9 
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<211> 43 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 
<400> 9 

gccaatggta ccgctatccc tgcgggcggt ggcagcgcca atg 43 

<210> 10 
<211> 43 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 



<210> 11 
<211> 44 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 
<400> 11 

ccataacgat tatccggaaa ccgcgacaga ctatgtcaca ctgc 44 

<210> 12 
<211> 44 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 



<210> 13 
<211> 24 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 
<400> 13 

gcaacgaggc gccgcttatg gcgg 24 

<210> 14 
<211> 24 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 



<400> 10 

cattggcgct gccaccgccc gcagggatag cggtaccatt ggc 



43 



<400> 12 

gcagtgtgac atagtctgtc gcggtttccg gataatcgtt atgg 



44 
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<400> 14 

ccgccataag cggcgcctcg ttgc 



24 



<210> 15 

<211> 28 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 
<400> 15 

cttttgccat gctgattatc cggaaacc 28 

<210> 16 
<211> 28 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 



<210> 17 
<211> 28 
<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 
<400> 17 

cttttgccat gatgattatc cggaaacc 28 

<210> 18 
<211> 28 
<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 



<210> 19 

<211> 55 

<212> DNA 

<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 
<400> 19 

gcaaatcttt tgccataacg atgcgccgga aaccattaca gactatgtca cactg 55 

<210> 20 
<211> 55 
<212> DNA 
<213> Artificial 



<400> 16 

■ggtttccgga taatcagcat ggcaaaac 



<400> 18 



ggtttccgga taatcatcat ggcaaaac 



28 
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<220> 

<223> Description of Artificial Sequence: Primer 



<400> 20 

cagtgtgaca tagtctgtaa tggtttccgg cgcatcgtta tggcaaaaga tttgc 



55 



<210> 21 
<211> 24 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 
<400> 21 

accattacag cttatgtcac actg 24 

<210> 22 
<211> 24 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 
<400> 22 

cagtgtgaca taagctgtaa tggt 24 

<210> 23 
<211> 24 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 
<400> 23 

accattacaa actatgtcac actg 24 

<210> 24 
<211> 24 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 



<210> 25 
<211> 24 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 
<400> 25 

cttattttgc gcgctaccaa caac 24 



<400> 24 

cagtgtgaca tagtttgtaa tggt 



24 



<210> 26 
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<211> 24 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 
<400> 26 

gttgttggta gcgcgcaaaa taag 24 

<210> 27 
<211> 24 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 



<210> 28 
<211> 24 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 
<400> 28 

gttgttggta tttcgcaaaa taag 24 

<210> 29 
<211> 24 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 



<210> 30 
<211> 24 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 
<400> 30 

gttgttggtc ttccgcaaaa taag 24 

<210> 31 
<211> 43 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 



<400> 27 

cttattttgc gaaataccaa caac 



24 



<400> 29 

cttattttgc ggaagaccaa caac 



24 
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<400> 31 



gccgtgctta ttttgcgaga aaccaacaac tataacagcg atg 



43 



<210> 32 
<211> 43 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 
<400> 32 

catcgctgtt atagttgttg gtttctcgca aaataagcac ggc 43 

<210> 33 
<211> 43 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 



<210> 34 
<211> 43 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 
<400> 34 

catcgctgtt atagttgttg gtgcgtcgca aaataagcac ggc 43 

<210> 35 
<211> 43 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 
<400> 35 

gccgtgctta ttttgcgaca taccaacaac tataacagcg atg 43 

<210> 36 
<211> 43 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 



<400> 33 

gccgtgctta ttttgcgacg caccaacaac tataacagcg atg 



43 



<400> 36 



catcgctgtt atagttgttg gtatgtcgca aaataagcac ggc 



43 



<210> 37 
<211> 25 
<212> DNA 



<213> Artificial 
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<220> 

<223> Description of Artificial Sequence: Primer 
<400> 37 

gcgacagacg gccaactata acagc 

<210> 38 
<211> 25 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 
<400> 38 

gctgttatag ttggccgtct gtcgc 

<210> 39 
<211> 25 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 
<400> 39 

gcgacagacc gataactata acagc 

<210> 40 
<211> 25 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 
<400> 40 

gctgttatag ttstcggtct gtcgc 

<210> 41 
<211> 43 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 
<400> 41 

gcgacagacc aacaacgcga acagcgatga tttccagttt gtg 

<210> 42 
<211> 43 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 
<400> 42 

cacaaactgg aaatcatcgc tgttcgcgtt gttggtctgt cgc 
<210> 43 
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<211> 22 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 
<400> 43 

ctataacagt gcagatttcc ag 

<210> 44 
<211> 22 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 
<400> 44 

ctggaaatct gcactgttat ag 

<210> 45 
<211> 22 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 
<400> 45 

ctataacagc aatgatttcc ag 

<210> 4 6 
<211> 22 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 
<400> 46 

ctggaaatca ttgctgttat ag 

<210> 47 
<211> 22 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 
<400> 47 

ctataacagc gaagacttcc ag 

<210> 48 
<211> 22 
<212> DNA. 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 
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<400> 48 

ctggaagtct tcgctgttat ag 

<210> 49 
<211> 43 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 
<400> 49 

gcgacagacc aacaactata acagcgatga tgcgcagttt gtg 

<210> 50 
<211> 43 
<212> DNA 
<213> Artificial 

<220> 

<223> Description of Artificial Sequence: Primer 
<400> 50 

cacaaactgc gcatcatcgc tgttatagtt gttggtctgt cgc 



-13- 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
27 December 2002 (27.12.2002) 




PCT 



nun ii mi 'i mm iii ii ii nun ii 

(10) International Publication Number 

WO 02/102974 A3 



(51) International Patent Classification 7 : A61K 39/00, 

39/395 

(21) International Application Number: PCT/US0 1/47994 

(22) International Filing Date: 

10 December 2001 (10.12.2001) 



(25) Filing Language: 



(26) Publication Language: 



English 



English 



(30) Priority Data: 

60/254,353 
60/301,878 



8 December 2000 (08.12.2000) US 
29 June 2001 (29.06.2001) US 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, EST, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG, 
SI, SK, SL, TJ, TM, TR, TT, TZ, UA, UG, UZ, VN, YU, 
ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, 
GB, GR, IE, IT, LU, MC, NL, PT, SE, TR), OAPI patent 
(BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, 
NE, SN, TD, TG). 



(71) Applicant: MEDEVfMUNE, INC. [US/US]; 35 West 
Watkins Mill Road, Gaithersburg, MD 20878 (US). 

(72) Inventors: LANGERMANN, Solomon, R.; 6606 Cross 
Country Boulevard, Baltimore, MD 20878 (US). HULT- 
GREN, Scott, X; 1068 Polo Downs, Town and Country, 
MO 63017 (US). HUNG, Chia-Suei; 1425 Cutter Avenue, 
St. Louis, MO 63139 (US). BOUCKAERT, Julie; 7549 
Trenton Avenue, St. Louis, MO 63130 (US). 



Published: 

— with international search report 

(88) Date of publication of the international search report: 

22 May 2003 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(74) Agents: POISSANT, Brian, M. etal.; Pennie & Edmonds 
LLP, 1 155 Avenue of the Americas, New York, NY 10036 
(US). 



TT 

OS 



O 



(54) Title: MUTANT PROTEINS, HIGH POTENCY INHIBITORY ANTIBODIES AND FIMCH CRYSTAL STRUCTURE 

(57) Abstract: The present invention provides bacterial immunogenic agents for administration to humans and non-human animals 
to stimulate an immune response, It particularly relates to the vaccination of mammalian species, especially human patients, with 
variants of the£ coli FimCH protein that elicit antibodies that have better functional inhibitory activity than antibodies raised against 
wild type protein. In particular, such variants include mutations that promote a more open confirmation of the FimH protein, particu- 
larly in regions involved in mannose binding, to expose regions previously poorly exposed and mutations that abolish a significantly 
reduce mannose binding. In another aspect, the invention provides antibodies against such proteins and protein complexes that may 
be used in passive immunization to protect or treat pathogenic bacterial infections. The present invention also provides machine read- 
able media embedded with the three-dimensional atomic structure coordinates of FimCH bound to mannose, and subsets thereof, 
and methods of using the crystal structure to provide candidate amino acid residues for mutation. 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US01/47994 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC(7) : A61K 39/00, 39/395 
USCL : 424/130.1, 184.1; 514/2 
According to International Patent Classification (IPC) or to both national classification and IPC 



B. 



FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 424/130.1, 184.1; 514/2 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
WEST, STN, MEDLINE 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category < 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



UEHLINO, D.T. Vaginal Mucosal Irnrnuni2ation for Recurrent Urinary Tract Infection: 
Extended Phase II Clinical Trial. The Journal of Infectious Diseases. 2001. 
Vol.l83(Suppl 1), pages S81-S83. 

X.P ^\ LANGERMANN, S. et al. Vaccination Utilizing the FimCH Complex as a Strategy to 
Prevent Escherichia coli Urinary Tract Infections. The Journal of Infectious Diseases. 
Y,P 2001, Vol. 183(Suppl 1), pages S84-S86. See entire document, especially S84, column 2. 

X,P — {'SCHILLING, J.D. et al. Structure and Function of Escherichia coli Type 1 Pili: New 
Insight into the Pathogenesis of Urinary Tract Infections. The Journal of Infectious 
Diseases. 2001, Vol.l83(Suppl 1), pages S36-S40. See entire document. 

Y,P SCHEMBR1, M.A. et al. Molecular Characterization of the Escherichia coli FimH 

Adhesin. The Journal of Infectious Diseases. 2001 , Vol. 1 83(Suppl 1), pages S28-S3 1 . 
See entire document. 



1-7 

1-3 
4-14 
1-3 

4-7 



Further documents are listed in the continuation of Box C. 



□ 



See patent family annex. 



* Special categories of cited 

"A* document defining ttie general state of the art which is not considered to be 
of particular relevance 

*E" earlier application or patent published on or after the international filing date 

"L* document which may throw doubts on priority claira(s) or which is cited to 
establish the publication date of another citation or other special reason (as 
specified) 

"0" document referring to an oral disclosure, use, exhibition or other means 

"P" document published prior to the international filing date but later than the 
priority date claimed 



later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand the 
principle or theory underlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive step 
when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the an 

document member of the same patent family 




Date of the actual completion of the international search 
05 February 2003 (05.02.2003) 



Name and mailing address of the ISA/US 

Commissioner of Patents and Trademarks 
BoxPCT 

Washington, D.C. 20231 

Facsimile No. (703)305-3230 



Form PCT/ISA/210 (second sheet) (July 1998) 



INTERNATIONAL SEARCH REPORT 



PCT/US01/47994 



C. (Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * 



Citation of document, with indication, where appropriate > of the relevant passages 



Relevant to claim No. 



X 
Y 

X -J 



WIZEMANN, T.M. et al. Adhesins as Targets for Vaccine Development. Emerging 
Infectious Diseases. May-June 1999, Vol. 5, No. 3, pages 395-403. See entire document, 
especially page 395, column 2. 

ABRAHAM, S.N. et al. Protection Against Escherichia coli-Induced Urinary Tract 
Infections with Hybridoma Antibodies Directed Against Type I Fimbriae or 
Complementary D-Mannose Receptors. Infection and Immunity. June 1985, Vol. 48, No. 
3, pages 625-628. See entire document 

LANGERMANN, S. et al. Prevention of Mucosal Escherichia coli Infection by FimH- 
Adhesin- Based Systemic Vaccination. Science. 25 April 1997, Vol. 276, pages 607-611. 
See entire document. 

LANGERMANN, S. et al. Vaccination with FimH Adhesin Protects Cynomolgus 
Monkeys from Colonization and Infection by Uropathogenic Escherichia coli. The Journal 
of Infectious Diseases. 2000, Vol. 18 1 , pages 774-778. See entire document. 



1-3 



1-3 



1-3 



4-14 



1-3 



Form PCT/ISA/21Q (second sheet) (July 1998) 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US01/47994 



Box I Observations where certain claims were found unsearchable (Continuation of Item 1 of first sheet) 

This international report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 

CD Claim Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



2. Lj Claim Nos.: 

because they relate to par Is of the international application that do not comply with the prescribed requirements to 
such an extent that no meaningful international search can be carried out, specifically: 



3, O Claim Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 
6.4(a). 

Box II Observations where unity of invention is lacking (Continuation of Item 2 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 
Please See Continuation Sheet 



As all required additional search fees were timely paid by the applicant, this international search report covers all 
searchable claims. 

2. | 1 As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite 

payment of any additional fee. 

3. 1 | As only some of the required additional search fees were timely paid by the applicant, this international search 

report covers only those claims for which fees were paid, specifically claims Nos.: 



4. LXJ No required additional search fees were timely paid by the applicant. Consequently, this international search report 
is restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 1-14 

Remark on Protest I I The additional search fees were accompanied by the applicant's protest. 

| 1 No protest accompanied the payment of additional search fees. 



Form PCT/1SA/210 (continuation of first sheet(l)) (July 1998) 





PCT/US01/47994 



INTERNATIONAL SEARCH REPORT 



BOX H. OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING 



Group 1, claims 1-14, dram to a methods of preventing or treating urinary tract infections by administering antibodies. 
Group II, claims 15-29, drawn to a method for altering antigenic properties. 

Group III, claims 30-48, drawn to mutant proteins, nucleic acids encoding them, and methods of vaccination. 
Group IV, claims 49-69 and 81 , drawn to crystalline compositions and methods of making them. 

Group V, claims 70-80, drawn to a machine readable medium and a method of identifying a binding compound using a three 
dimensional structure. 

The inventions listed as Group I-V do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule 
13.2, they lack the same or corresponding special technical features for the following reasons: The special technical feature of Group 
I is the antibody to be administered. No other group requires the recited antibodies or administration thereof. As such, this special 
technical feature is not shared by any other group. The methods of Groups II- V require different materials, have method steps, and 
have different goals. As such, they do not share any special technical feature. 



Form PCT/ISA/210 (second sheet) (July 1998) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 
JZTblack borders 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: . - 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



